vations prompt us to suppose that cofilin is a key regulatory protein functioning in reorganization of actin cytoskeletons responding to various stresses and stimuli.
atoms (N, C
␣ , CЈ) at each residue after the best fit super- Chemical shift of Tyr-82 H was also helix, in spite of the large separation between them on assigned unambiguously, but assignments of side-chain the primary sequence. atoms of several lysines and arginines were tentative owing to heavy overlaps. Full details of the assignments will be published elsewhere.
Structural Similarity to Gelsolin Family Domains Using 2250 distance constraints extracted after as-
The cofilin family is distinct from other families of actinsignments of 3D 15 N-edited and 13 C-edited NOESY specbinding proteins in amino acid sequence. However, the tra, we obtained 20 converged structures from 100 calsecondary and tertiary structures of destrin were found culations. A summary of the structural statistics for a to be strikingly similar to those of the unit segments set of the final structures and for the mean structure is of the gelsolin family, which consists of gelsolin, villin, presented in Table 1 . There were no violations above severin, and fragmin. These gelsolin family proteins con-0.8 Å in any structure, and the number of violations tain six or three tandemly repeated segments, and the above 0. obtained rmsd values 2.2, 2.8, and 2.7 Å , respectively. tures of destrin, gelsolin segment-1, villin segment-1, and severin segment-2, and Figure 3B shows the alignIn addition, the C ␣ s of destrin residues 9-17 could be included in the superposition to the gelsolin and villin ment of primary sequences of these proteins or domains. The regions used for superposition included the segments with rmsd values of 2.4 and 3.0 Å , respectively, while rmsd values among the three gelsolin family central ␤ sheet and two ␣ helices and covered the major part of the domain sequences from the gelsolin family. members ranged from 2.0-2.5 Å . All these results indicate the extent of structural similarity between the two Destrin had additional sequences around the residues 18-31 and 54-70, and at these locations there was one actin-regulating families. Figure 3A shows superpositions of the tertiary struchelix (residues 68-75) and two helical loops (26-30 and 
57-60). The lengths of these insertions were variable
motif because of the variable residue numbers separating them. The destrin Asp-79 corresponded to the among members of the cofilin family, and the one close to the N-terminal helix was totally lost in some members gelsolin Asp-66, which chelated intramolecular Ca 2ϩ together with Glu-97, and the destrin Trp-104 corre-(data not shown). In addition, the orientation of the C-terminal helix of destrin was different from those of sponded to the gelsolin Trp-88 included in the hydrophobic core. the gelsolin family. In the structure of destrin, the space of the C-terminal helix in the gelsolin family was occuDestrin has a long helix (residues 111-128) which appears to correspond to the actin-binding helix of gelsolin pied by the new helix 68-75. Although many NOEs were observed between residues 89-92 and 156-159, we cansegment-1 (residues 95-112). However, both of the acidic residue clusters located in the N-and C-termini not discuss the significance of this difference, since the sequences and lengths were highly variable among of the gelsolin actin-binding helix were replaced with basic residue clusters in the destrin ␣ helix ( Figure 3B ). C-termini of the cofilin family (data not shown). In general, the foldings of the two actin-regulating families are
We interpret these differences as explaining that both the acidic regions in gelsolin segment-1 include Ca 2ϩ -extremely similar to each other. binding sites, thus giving rise to Ca 2ϩ -dependent functions of gelsolin, while the activity of the cofilin family is Ca 2ϩ -independent. In the destrin mean structure, the Discussion distance between the N atom of Lys-112 and the O ␦2 atom of Asp-79 is 5.1 Å , which is close enough for a
Comparison of Sequences of the Two Families
We aligned the primary sequences of proteins belonging putative salt bridge, considering that the side chains of these residues are not well restrained. Therefore, two to the two families on the basis of secondary structures ( Figure 3B ). We could detect two residues, Asp-79 and sets of Ca 2ϩ plus acidic residue in the gelsolin family could be functionally equivalent to lysine residues of the Trp-104, almost identical between the two families, although we cannot regard this pattern as a consensus cofilin family. 
